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SUMMARY
Sixty-six male infants participating in the
Ben-Gurion Infant Development Study of
familial risk for attention deficit hyperactivity
disorder (ADHD) were assessed at 7 months of
age using observational and mother report
measures. Risk for ADHD was based on ADHD
symptoms in the father. Infants whose fathers
had seven or more symptoms formed the
ADHD risk group; infants whose fathers had
three or less symptoms formed the comparison
group. The ADHD risk group significantly
differed from the comparison group on
measures of interest, anger, and activity level
and showed less interestin block play and more
anger reactivity but less directed anger in a
barrier task. According to mother report, the
ADHD risk group had higher levels of activity
than the comparison group. Measures of
neonatal immaturity and activity were related
to behavior at 7 months. The findings suggest
that possible developmental pathways to ADHD
may be emerging in early infancy.
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INTRODUCTION
One of the challenges ofdevelopmental psycho-
pathology is to determine whether detectable
pathways to developmental disorders are present in
the first months or years of life. The present paper
focuses on possible early path markers of
vulnerability to a common developmental disorder,
attention deficit hyperactivity disorder (ADHD).
Although the literature on the early development
of children with ADHD is surprisingly sparse,
there is some indication that children who are
genetically predisposed to the disorder or who
eventually receive a diagnosis of ADHD already
show certain vulnerabilities within the first year of
life. Although not necessarily evidence of a specific
pathway to the disorder, these vulnerabilities can
increase the probability of such outcomes under
certain environmental conditions.
ADHD is one of the most common disorders
of childhood, having a prevalence of 3% to 5%
(American Psychiatric Association [APA], 1994).
The disorder is more common in boys than in girls,
both in epidemiological and in clinical populations
(APA, 1994; Breton et al., 1999; Szatmari, 1992).
Evidence suggests that the disorder has both genetic
and environmental underpinnings. First-degree
relatives of children with ADHD are 7.6 times
more likely to have the disorder than are relatives
of normal children (Biederman et al., 1992).
Furthermore, 60% of children having a parent with
ADHD are likely to receive a childhood diagnosis
of ADHD (Biederman et al., 1995). The high
heritability estimates (75% to 90%) for ADHD in
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twin studies support a strong genetic contribution
(Goodman & Stevenson, 1989; Levy t al., 1997),
and recent evidence from molecular genetics
further attests to a genetic basis of the disorder. A
number of studies have found the dopamin D4
receptor gene (DRD4) (Faraone et al., 1999;
LaHoste et al., 1996) and the dopamine transporter
gene (DAT1) (Cook et al., 1995; Gill et al., 1997)
to be associated with ADHD.
Family relationships, parent-child interaction,
and family adversity are also associated with the
development and severity of the disorder
(Biederman et al., 1995; Cunningham & Barkley,
1979; Jacobvitz & Sroufe, 1987). Such conditions
seem to be both antecedent to the disorder and a
reaction to it, with the additional caveat that these
conditions do not seem to be specific to the
disorder itself but rather are risk factors for the
development of childhood psychopathology
(Campbell, 2000).
One of the first tasks in trying to construct
potential pathways to ADHD is to link the deficits
or difficulties seen in older children with ADHD
to the behavioral repertoire characteristic of
development in the first year of life. Two
conceptual approaches are particularly appropriate
for this task. One approach relates to tempera-
mental variations in reactivity and regulation
(Rothbart, 1989), with the behaviors defining
ADHD falling at the extreme edge of a continuum
of temperament traits seen throughout the general
population (Taylor, 1999). Emotionality, activity,
and attention/orienting are three reactivity domains
of temperament with relevance to ADHD and
individual differences in their expression can be
seen in the first year of life (Buss & Plomin, 1984;
Goldsmith & Campos, 1982; Rothbart, 1989;
Thomas et al., 1968). The ability to regulate
reactivity develops in the first years of life, and
difficulties with rudimentary regulatory abilities
can appear as early as the first weeks of life
(Greenspan & Weider, 1993). With regard to
ADHD, certain evidence has suggested that
difficulties with both reactivity and regulation
characterize children with the disorder both before
and after diagnosis, although accumulating evidence
indicates that these difficulties do not necessarily
form a specific pathway to ADHD (Anderson et
al., 1994; Belsky et al., 1998; Campbell, 2000).
Difficulties with state organization and
regulation have been found both in studies of
ADHD risk samples and in general samples of
infants with school-age outcome data. In our study
of infants at familial risk for ADHD, the ADHD
risk group tended to have more difficulties with
neonatal state organization than did a comparison
group (Auerbach et al., unpublished), that is they
were more irritable, quicker to cry., and were less
able to quiet themselves. A number of other
studies found that negative emotionality, usually
manifested as excessive crying, in the first year of
life was predictive of attentional problems and
hyper-activity at school age (Degangi et al., 1993;
Rende, 1993; Wolke et al., 2002). Such difficulties
are also predictive of other childhood
psychopathologies, casting doubt on its uniqueness
as a pathway or path marker to ADHD (Riese,
1987; Sanson et al., 1993).
From 6 months of age, anger is clearly
differentiated as a negative emotion (Sroufe,
1995); it occurs as a reaction to interference with
ongoing activity, such as restraining arm
movements or blocking action toward a desired
goal, such as reaching for an attractive toy (Barrett
& Campos, 1987; Buss & Goldsmith, 1998).
Difficulties with anger and its regulation are
associated with ADHD from preschool through
adulthood (Douglas & Parry, 1994; Mash &
Johnson, 1982; Ramirez et al., 1997). These
difficulties seem to be even more prominent for
those with co-morbid externalizing disorders
(Melnick & Hinshaw, 2000).
As infants approach the second halfoftheir first
year, their attentional and manipulative skills
improve and individual differences in object interest
are clearly observable. The duration of looking andEMERGING DEVELOPMENTAL PATHWAYS TO ADHD 31
facial expressions of interest are indices of focused
attention and seen most clearly in this period during
the exploration and manipulation of toys (Ruff &
Rothbart, 1996). Stable individual differences in
focused attention have been reported over a 2-week
interval in the first year (Ruff& Dubiner, 1987) and
from age 12 to 24 months to 3.5 years for children
who were either extremely low or extremely high in
focused attention (Ruff & Rothbart, 1996). Factors
like novelty, the physical characteristics of the
stimuli, and the rate of stimulus presentation and
reinforcement are external determinants of focused
attention (Cowan, 1988, Van der Meere, 2002). As
attention becomes increasingly governed by higher
order cognitive skills, it is less susceptible to
external influence. One consequence of a deficit in
self-regulation is that attentional skills, including
focused attention, continue to be highly influenced
by external factors (Van der Meere, 2002).
Depending on the context, children with ADHD
will show either difficulties with or normal levels of
focused attention. As the task time continues and
with no changes in stimulus or situational valence,
children with ADHD have difficulty responding
appropriately to the demands ofthe task.
Hyperactivity is a defining characteristic of
ADHD and has high heritability (Goodman &
Stevenson, 1989). In the neonatal period, there are
individual differences in activity level (Rothbart,
1989), and in our longitudinal study (Auerbach et
al., unpublished), the ADHD risk group showed a
marginally higher level of neonatal activity than the
comparison group. These differences may become
more obvious as the infants develop and the
expression of activity becomes more varied. The
stability of individual differences in activity level in
the first year life is low for unselected samples of
infants (Rothbart, 1989; Rothbart & Bates, 1998)
but has not yet been examined in a selected sample,
as it will be in this paper. If in this type of sample
individual differences are found to be stable and
discriminative, then activity level in the first year of
life can be an early appearing path marker of risk
for ADHD. Its predictive ability from the second
year on has been established for school-age activity
level in normal and risk samples (Buss et al., 1980;
Campbell et al., 1994).
The second conceptual approach to ADHD
that is pertinent to early development is that of
Kinsbourne (1973). He suggests that children with
ADHD are suffering from a delay in neurological
maturation resulting in behaviors considered
deviant with reference to chronological age. Some
support for this conceptualization comes from our
study (Auerbach et al., unpublished). The ADHD
risk group received less optimal scores than a
comparison group on a behavioral factor, Neuro-
developmental Immaturity, which assessed the
degree of tremulousness, startling, motor maturity,
and activity level. In addition, Sroufe and his
colleagues (Carlson et al., 1995; Jacobvitz &
Sroufe, 1987) found that a neonatal motor maturity
cluster was predictive of hyperactivity in
kindergarten. Hyperactive kinder-garteners scored
less optimally on this cluster. By age 7, no
differences between hyperactive and non-
hyperactive children were seen on this cluster, but
the motor maturity scores of the hyperactive
children remained somewhat lower than the scores
of non-hyperactive children. In addition to its
manifestation in the domains of autonomic
reactivity and motor maturity, plausibly, neuro-
developmental immaturity would have an impact
on the attentional and cognitive-based behaviors
seen in the second half year, such as interest in
objects and goal-directed behavior.
In trying to delineate possible developmental
pathways to ADHD, both conceptual approaches
one based on temperamental variations in reactivity
and in regulation and the other on developmental
maturationprovide complimentary frameworks in
which to begin the exploration. The focus of the
present paper is on interest, anger, and activity, all
of which show observable individual differences
in the second half-year and have relevance to
ADHD. Consequently, one aim of the present32 J.G. AUERBACH ET AL.
study was to examine whether the expression of
these traits is related to familial risk for ADHD.
Based on our neonatal findings and the
observation that high levels of activity are
characteristic of children with ADHD, we
hypothesized that the ADHD risk group would
show higher levels of activity at 7 months of age
than would a comparison group. A directional
hypothesis regarding interest is less clear cut.
Because novelty affects focused attention, which is
one index of interest, group differences in an
unfamiliar task may not occur. On the other hand,
a hypothesis based on neurodevelopmental
immaturity would predict that the ADHD risk
group would show lower levels of interest because
of such immaturity. With respect to anger, this
behavior can be categorized either as reactive to a
frustrating situation or as directed against the
object of frustration. The latter is to some extent a
cognitive-based behavior because the goal of
directed anger is to remove the object of
frustration; therefore, the infant has to understand
what is blocking his behavior and direct his
behavior toward removing the blocking object.
The neurodevelopmental immaturity hypothesis
led to the prediction that infants in the ADHD risk
group would show less goal-directed anger than
the comparison group. As for anger reactivity, both
conceptual approaches would predict that infants
in the ADHD risk group would show higher levels
of anger reactivity than the comparison group.
This prediction is also in line with our neonatal
findings and with other research on infant negative
emotionality and its prediction of later attentional
difficulties and hyperactivity.
A second aim of the study was to explore
whether neonatal behavior, particularly those
behaviors showing group differences, was related
to behavior at 7 months. If so, this relation would
suggest the emergence of a possible developmental
pathway that might eventuate in ADHD, given
certain environmental conditions. In the neonatal
period, behavior was assessed both behaviorally
and by mother report (Auerbach et al., unpublished).
The behavioral factors of State Organization
Difficulties and Neurodevelopmental Immaturity
showed group differences, whereas an item
measuring activity level showed marginal
differences. An additional factor, Stimulus
Responsivity, also had discriminatory value but
was limited to a subgroup within the ADHD risk
group. Infants whose fathers were classified as
showing symptoms primarily of hyperactivity/
impulsivity scored higher on this factor than
infants in the comparison group or than infants
whose fathers showed primarily inattentive
symptoms. In other words, the Hyperactive/
Impulsive risk subgroup showed more responsivity
to visual and visual-auditory stimulation than did
the other groups. Mother reports of interest, anger,
and activity showed no group differences
neonatally. For the current paper, we examined the
relation among the three neonatal behavioral
factors and the activity level item, the neonatal
mother reports of interest, anger, and activity, and
interest, anger, and activity as observed and
reported at 7 months. Because data collection is
ongoing, the analyses were based on infants for
whom both neonatal and 7-month data were
available.
EXPERIMENTAL
Sample
The sample for this paper consisted of 7-month-
old male infants (n 66) who had been examined
neonatally in the first stage ofthe Ben-Gurion Infant
Developmemal Study (BIDS). The sample was
limited to boys because of the higher prevalence
(3:1 to 9:1) of ADHD among boys (American
Psychiatric Association, 1994; Danckaerts &
Taylor, 1995). All children were from two-parent
families. The parents were native-born Israelis or
immigrants who had studied in Israel and spokeEMERGING DEVELOPMENTAL PATHWAYS TO ADHD 33
Hebrew. Recruitmem occurred in the Maternity
Ward of the Soroka Medical Center in Beer Sheva.
At the hospital, the fathers were requested to
complete a questionnaire assessing current ADHD
symptomatology (Auerbach et al., unpublished).
Entry into the study was based on the number of
positive responses (yes-no format) fathers made to
the ADHD items. The criterion for recruitment into
the ADHD risk group was a score of > 7, and
recruitment into the comparison group was based on
a score of < 3. The respective mean levels of
symptoms for the ADHD risk group and the
comparison group were 9.73 (SD 2.34) and 1.47
(SD 1.24). A cutoff score of at least seven
symptoms for the risk group was decided upon
because it was high enough above the mean to
indicate moderate symptomatology and low enough
to ensure a large enough risk sample to follow
longitudinally. The comparison group was matched
with the ADHD risk group on parental education,
age, and ethnicity. To date, data on 66 infants, 46 in
the ADHD risk group and 24 in the comparison
group, have been obtained from two time points:
neonatal period (M 30.45 days, SD 11.06) and
at the age of7 months (M 7.5 months, SD 1.27).
Measures
Neonatal Behavioral Assessment Scale (NBAS).
(Brazelton & Nugent, 1995). The NBAS assesses
the behavioral repertoire of neonates from birth to
2 months of age. The NBAS consists of items
measuring the physiological, motoric, state, and
interactive organization ofthe neonate. A Principal
Components Analysis (PCA) with Varimax rotation
was used to reduce the individual behavioral items
to a smaller number of components. Based on
previous factor analytic studies of the NBAS
(Jaeobson et al., 1984; Sameroff, 1978), solutions
with five and six factors were examined. A five-
factor extraction yielded the most interpretable
solution and explained 56.88% of the variance. A
complete description of the PCA appears in
Auerbach et al. (unpublished). Only those factors,
Stimulus Responsivity, State Organization
Difficulties, and Neurodevelopmental Immaturity,
showing group differences are included in the
present paper. An NBAS item measuring the
activity level is also included in the present paper
because of its pertinence to ADHD risk and its
marginal discriminative ability in the neonatal
assessment.
Infant Behavior Questionnaire. The Infant
Behavior Questionnaire (IBQ, Rothbart, 1981) is a
94-item parent questionnaire assessing infant
temperament in the first year of life. The IBQ
consists of six behavioral scales" Distress to
Limitations (Anger), Distress to Sudden or Novel
Stimuli (Fear), Activity Level, Duration of
Orienting (Interest), Smiling and Laughter
(Pleasure), and Soothability. Caregivers are asked
to report on a 7-point scale the relative frequency
of occurrence of specified infant reactions in
concrete situations across the previous 2 weeks or
the previous week for infants younger than 3
months of age. The IBQ scores reflect the ease of
elicitation of a given reaction and the intensity of
that reaction. Both the stability and validity of the
IBQ have been documented (Rothbart, 1986). The
IBQ was translated into Hebrew and used in
previous studies (Auerbach et al., 1999,2001).
The scales relevant for the present paper are
those measuring Interest (Duration of Orienting),
Anger (Distress to Limitations), and Activity Level.
In the neonatal period, negative emotions are not
clearly differentiated, therefore the Distress to
Limitations scale and Distress to Sudden or Novel
Stimuli scale were. combined to form a Negative
Emotionality scale (Cronbach alpha=.79). The
respective Cronbach alphas for the neonatal Interest
scale and the Activity Level scale were .79 and .78.
At 7 months of age, the Cronbach alphas were .82
As certain IBQ items are not appropriate in the first months
of life, only items that at least 50% of the mothers reported
were used to form the scales.34 J.G. AUERBACH ET AL.
for Interest (Duration of Orienting), .76 for Anger
(Distress to Limitations), and .76 for Activity Level.
Laboratory Temperament Assessment Battery
(Lab-TAB-Prelocomotor version). The Lab-TAB
(Goldsmith & Rothbart, 1994) is an observational
measure of temperament consisting of a series of
behavioral episodes designed to tap a variety of
temperament domains. Three episodes measuring
the temperamental domains of interest, anger, and
activity are included in the present paper. Task
orientation/interest was measured using the Block
Play episode. An attractive toy placed behind the
Barrier episode was used to examine the negative
emotion of anger. Finally, activity was observed in
the Prone and Supine placement episode. All
episodes were videotaped. The videotapes were
coded by coders who were blind to the group
status of the infants. For latency measures, percent
agreement was calculated and kappa coefficients
were used for all other behaviors.
Block Play(Interest This episode
was designed to elicit sustained attention as
measured by visual interest and the manipulation
of blocks. The infant was seated at a table with the
mother seated at the right side of the table
approximately meter from the infant. The mother
was asked to remain as uninvolved as possible.
The experimenter set four brightly colored blocks
of different shapes in front of the child and leR the
room, returning after 3 minutes.
The 3-minute observational episode was
divided into 1-minute intervals, each of which was
subdivided into 10-second intervals. The infant
variables coded in this episode included duration of
looking, manipulation oftoys, and intensity of facial
expression interest. Both duration of looking and
manipulation of stimuli were rated on a 4-point
scale ranging from (0) ’Does not look/manipulate at
blocks at all’ to (4) ’Child spends 9-10 seconds
looking/manipulating the blocks’. Intensity of facial
interest was coded on a 3-point scale ranging from
(0) ’no facial region shows codable interest/infant is
not looking at the blocks’, to (2) a definite facial
indication of interest. The kappa coefficients, a
measure of inter-rater reliability, ranged from .69
for intensity of facial interest to .89 for duration of
looking. In addition, latency to first look away was
coded. Inter-rater agreement within second was
100%. A composite variable lnterest was created by
summing the standardized scores of duration of
look, duration of manipulation and facial
expression. Intercorrelations among these variables
ranged from r .59 to r .84.
Attractive toy placed behind barrier episode
(Anger). This episode is designed to elicit
frustration and anger by placing a toy with which
the child has been playing behind a barrier. The
infant was seated at the table with the mother and
the experimenter was seated approximately
meter from the child, each at opposite sides of the
table. The experimenter presented to the child the
attractive toy, a colorful ball that makes rattling
sound, demonstrated how it works, and placed it in
front of the child. The infant was allowed to play
with the toy for 15 seconds. Then the experimenter
put a glass barrier in front of the child and within
his reach, moved the toy, and placed it behind the
barrier. The toy was left there for another 30
seconds and then was given back to the child. This
procedure was repeated three times.
Each trial was divided into 5-second epochs
for a total of 30 seconds. In each epoch, the
variables coded included the latency-to-anger
response, push against barrier, and banging table.
Furthermore, there were three ratings of intensity:
1. intensity of force ranging from (0) ’no
movement toward barrier’ to (4) ’very high
intensity movement throughout the epoch’;
2. intensity of anger facial expression ranging
from (0) ’no facial region shows codable
movement’ to (3) ’an appearance change occurs
in all three facial regions, or impression of
strong anger; and
3. intensity of negative (distress) vocalization
ranging from (0)’no distress’ to (5) ’full
intensity cry/scream’.EMERGING DEVELOPMENTAL PATHWAYS TO ADHD 35
The kappa coefficients ranged from .76 for distress
vocalization to .92 for push against barrier. For
latency to anger, inter-rater agreement was 100
percent within s.
Based on the intercorrelations among the
variables, two composites were created. The first
composite variable Anger Reactivity was created by
the summation of the standardized scores of intensity
of facial expression, negative vocalization, and
banging table, lntercorrelations ranged from r .62 to
r=.73. The second composite variable Directed
Anger was the sum ofthe standardized scores ofpush
against barrier and the intensity of force. The two
variables were highly correlated (r .87).
Prone and Supine placement episode (Activity).
This episode measures the infant’s activity level in
the laboratory during a situation in which no overt
activity-eliciting stimuli were present. Infants were
placed in the supine and prone positions and their
vigor of movements was measured. Specifically,
infants were placed on the mat in a supine position
when the mother and experimenter stood behind
the mat, approximately m eter away. Atter 30
seconds, the experimenter lifted the child and
placed him in a prone position for another 30
seconds. The 30-second trials were further divided
into three 10-second epochs. The vigor of move-
ment was coded for each epoch on a scale ranging
from (0) extremely low vigor: "lying on the quilt
with very little movement except looking around"
to (4) extremely high vigor: "thrashing of arms and
legs that leads to whole-body movements". The
kappa coefficient for this variable was .93.
Procedure
Neonatal behavior was evaluated during a
home visit. During this visit, the mothers completed
the IBQ, and the NBAS was administered by
graduate students in developmental psychology
who were trained to a reliability criterion of at
least 92% by JA. At 7 months, the families came to
the Developmental Psychology Laboratory located in
the Department of Behavioral Sciences, Ben-
Gurion University. Because of the length of the
observation, two visits to the laboratory were
necessary. At the laboratory, the mothers again
completed te IBQ, the Lab-TAB procedure was
conducted, and all episodes were filmed.
Observational data were not available for all
infants because of an inability to schedule a second
visit to the laboratory or because of equipment
failure. Infants received a small gift for their
participation. In both assessments, the examiners
were blind as to group placement of the families.
Parents gave written informed consent at both
assessment periods.
RESULTS
Group differences
The descriptive statistics and group
comparisons for the Lab-TAB tasks and the IBQ
scales are presented in Table 1. Two multivariate
analyses were preformed: one for the Lab-TAB
composite variable plus Vigor of Movement and
one for the IBQ scales. For the Block and Barrier
tasks, composite variables were examined first and
if significant, the variables composing them were
analyzed. Cohen’s d was calculated to determine
effect size. A d .20 is considered small, a d .50
is medium, and a d .80 is large.
Multivariate analysis of the composites, Interest,
Anger Reactivity, Directed Anger, and Vigor of
Movements was significant (Wilk’s Lamda =.74,
F(4,34) 3.04, p= .03). For the three IBQ scales,
Wilk’s Lamda was .93 (F[3,55] 1.34, p .27).
In the Block task, the ADHD risk group
obtained a significantly lower score on the
composite variable lnterest than did the comparison
group. At the level of individual variables, the risk
group manipulated the toys significantly less and
showed significantly less facial interest. No group
differences were found for the IBQ interest scale.36 J.G. AUERBACH ET AL.
Measure
Lab-TAB
Blocks
Latency to look away
Interest
Facial expression
Duration of
manipulation
Duration of look
Barrier
Latency to anger
response
Anger reactivity
Facial expression
TABLE 1
Comparison ofgroups on Lab-TAB tasks and IBQ scales
ADHD risk
N=31
M
26.50
2.99
1.88
SD
23.50
1.53
.89
.68
N=35
132.43
.14
62.21
.65
.40
Group
.29
2.31
2.48
153.79
-.12
.10
Comparison
N=21
SD
36.16
.53
.74
.51
.54
N=21
44.27
.22
.20
.80
1.50
Effect size
(d)
.06
.50
.59
.23
.40
.50
.53
Negative vocalization
Bang table
Directed anger
Push
Force of push
Prone & supine
Placement
Vigor of movement
IBQa
Interest
Anger
Activity level
.39
-.18
.44
N=34
.54
.10
.86
.29
.66
-.001 1.10
4.72 1.06
3.68 .74
4.50 .86
.20
.03
.60
1.16
.08
4.80
3.63
4.11
N=25
.28
.05
.55
.24
.85
1.03
.75
.58
1.55
1.84t
.29
.28
.26
Ns for IBQ range from 38-42 for ADHD risk group and 22-24 for comparison group.
Note: Composite scores are z scores; Lab-TAB items scores and IBQ scales are raw scores.
p<.10 * p<.05 ** p<.01
.44
.38
.66
.60
.51
.08
.08
.08
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TABLE 2
Correlations between neonatal and 7-month measures
Neonatal
NBAS
Neurodevelopmental
Immaturity
State Regulation Difficulties
Stimulus Responsivity
Activity Level
Interest
Negative Emotionality
Activity Level
Interest
-.12
.21
-.04
-.10
-.19
Lab-TAB
Anger Directed
Reactivity
.02
-.12
.20
.16
Anger
-.09
.14
-.01
.20
-.24t
7 months
Vigor of
Movements
-.18
.15
.14
-.05
-.06
IBQ
Interest Anger Activity
Level
.02 .05 .06
-.02 .10 .01
-.03 .11 -.06
.08 .10 .28*
.27* -.18 .02
.04 .33** .11 -.10
-.21
.21
.20 .03 .15 .26* .29"
p<.10 *p<.05 **p<.01
In the Barrier task, the ADHD risk group was
significantly different from the comparison group
on the composite variables Anger Reactivity and
Directed Anger. The ADHD risk group scored
higher on Anger Reactivity and lower on Directed
Anger than the comparison group. At the level of
the composites’ individual variables, the ADHD
risk group showed significantly more anger facial
expression and a tendency for more negative
vocalizations than the comparison group but made
significantly fewer directed movements to remove
the barrier, and when they did push against the
barrier, there was a tendency for a less forceful
push as compared with that of the comparison
group. No group differences in anger were
reported by mothers on the IBQ.
In the Activity observation, no differences
were found between the groups in Vigor of
Movements. In contrast, there was a significant
difference between the groups in activity level
when based on the IBQ Activity Level scale.
According to the mother report, the ADHD risk
group was significantly more active than the
comparison group.
Correlations between neonatal and 7-month
measures
The results of the correlational analyses are
presented in Table 2. For these analyses, the groups
were combined to increase the power of the
analysis.38 J.G. AUERBACH ET AL.
Interest. A significant negative correlation was
found between 7-month Interest and neonatal
Neurodevelopmental Immaturity, that is, infants
showing less interest in the block task were
characterized as showing more immaturity
neonatally. In addition, neonatal IBQ Interest and
7-month IBQ Interest were significantly correlated.
Mothers who rated their infants as high in
orienting and attending to environmental stimuli as
neonates continued to so rate them at 7-months.
Anger. Anger Reactivity was not associated
with antecedent or concurrent measures. In contrast,
Directed Anger was significantly negatively
correlated with NBAS Neurodevelopmental
Immaturity and neonatal NBAS Activity Level.
Infants showing less directed anger at 7 months
were characterized as showing more immaturity
and higher activity levels as neonates. Also, a
borderline association was found between Directed
Anger and neonatal IBQ Negative Emotionality.
Infants who reacted to the barrier by pushing it
forcefully were reported as showing less emotional
distress in the neonatal period.
Anger as measured at 7 months of age by
mother report (IBQ) was positively related to
neonatal IBQ Negative Emotionality, and IBQ
Activity Level. Mothers who perceived their
neonates as distressed and active rated them
angrier at age 7 months.
Activity. The 7-month IBQ Activity Level was
significantly positively correlated with neonatal
NBAS Activity Level and IBQ Activity Level; the
more active the neonate, the more active he was at
age 7 months according to mother report.
In addition to cross-age correlations, two
significant correlations among the 7-month
measures were found, lnterest was significantly
correlated with Directed Anger (r .48, p <. 001),
such that infants who expressed interest in the
blocks through manipulation and facial expression
also showed more anger directed toward the
barrier. Vigor of movements at 7 months of age
was significantly positively correlated with 7-
month IBQ Anger (r .35, p < .05). Infants who
showed more vigorous movements in the
laboratory were reported by their mothers to
exhibit more anger.
DISCUSSION
Interest, anger, and activity were found to
differentiate between a group of infants at familial
risk for ADHD and a comparison group in ways
that seem to reflect risk-related temperamental
variations and neurodevelopmental immaturity.
Some linkage between neonatal vulnerability
indicesmspecifically neurodevelopmental immaturity
and activity level--and 7-month indices was found.
The ADHD risk group showed significantly less
interest in the block task than the comparison group.
These differences were not due to differences in
attending visually to the blocks. The brightly colored,
multi-shaped blocks seemed to stimulate all the
infants to attend to them. It could be that the physical
characteristics of the blocks were strong enough to
maintain the infants’ visual attention to them
regardless of risk status. It is also possible that our 4-
point measure of attention was too crude to detect
differences between the groups. What did
differentiate between the groups was facial interest
and duration ofmanipulation. Although manipulation
could be considered an index of activity level, the
observation that it was combined with facial interest
supports a cognitive, maturational interpretation.
Jeannerod (1994) suggests that action on objects is a
higher level goal-directed skill than is goal-directed
looking, therefore, the observation that the ADHD
risk group showed less manipulation of the blocks
may be indicative of what Kinsboume (1973) calls
neurodevelopmental irmnaturity. T his possibility is
supported by the significant negative correlation
between block lnterest and NBAS Neurodevelop-
mental Immaturity.
The ADHD risk group showed more Anger
Reactivity than the comparison group but the riskEMERGING DEVELOPMENTAL PATHWAYS TO ADHD 39
group did not direct their anger toward the source
of the frustration--the barrier. Directed Anger
seems to have a cognitive component to it because
anger becomes directed only when the infant can
understand that his goal-directed acts are being
blocked. Additional support for a cognitive
component to Directed Anger comes from its
significant positive correlation with block Interest.
Kinsboume’s neurodevelopmental immaturity
hypothesis again seems a plausible explanation for
these differences, especially because Directed
Anger, like Interest, was negatively associated
withNBAS Neurodevelopmental Immaturity.
Although significant differences were found in
Anger Reactivity and Directed Anger between the
two groups in the direction predicted, the degree of
anger in both groups was minimal. The Barrier
task may not be especially effective in eliciting
anger at this age because of the cognitive demands
of the task. Seven-month old infants are just
beginning to engage in goal-directed intentional
behavior and therefore, the barrier task may not
elicit as wide a range of anger as might a situation
involving physical restraint. Even though the task
did not evoke stronger anger, it is of note that the
differences in anger reactivity are similar to our
neonatal finding in that the ADHD risk group at
both assessment points showed stronger negative
emotional/anger reactivity than the comparison
group. These findings are compatible with a
temperamental variations approach to ADHD
(Taylor, 1999), which would predict difficulties
with reactivity in an at-risk population. Moreover,
in prospective studies of children who eventually
develop ADHD symptoms (Degangi, et al., 1993;
Rende, 1993; Wolke et al., 2002), negative
emotionality and anger have been linked to
ADHD, both in retrospective accounts of children
with ADHD (Weiss & Hechtman, 1993) and in
self-reports measures of adults with ADHD
(Ramirez et al., 1997). Although not a specific
marker of ADHD given its association with other
types of psychopathology, negative emotionality
may increase the probability of such an outcome
when combined with a parental history of the
disorder (Campbell, 2000) and a childrearing
environment characterized by overstimulating,
intrusive, and restrictive parenting (Jacobvitz &
Sroufe, 1987; Morrell & Murray, 2003; Olson et
al., 1990).
Studies of older children have found that the
activity level is predictive of later activity level
and of attentional functioning (Buss et al., 1980;
Campbell et al., 1994; Ruff& Lawson, 1990). Our
results support the possibility that the discriminative
value of activity level and its predictive ability can
begin in the first year of life, at least for selected
samples of infants. The ADHD risk group was
reported by their mothers to be significantly more
active than the comparison group. This difference
was limited to mother report, perhaps because the
laboratory observation was too brief (60 seconds)
and the measure of activity too limited (one
variable) to tap adequately individual differences
in activity. The possibility that activity level may
be an early path marker to ADHD is strengthened
by the finding that neonatally, the ADHD risk
group was marginally more active, than the
comparison group. The difference at age 7 months
was stronger and significantly related to both
neonatal measures of activity level. Our finding of
stability in activity level from the first month of
life to the second halfofthe first year is in contrast
to other studies failing to find stability (Rothbart,
1989; Rothbart & Bates, 1998). That our sample
included infants at risk of a disorder characterized
by high levels of activity probably contributed to
this stability.
There are several limitations to the findings
presented here. One, the findings are based on a
partial sample of an ongoing longitudinal study.
Second, our statistical approach increased the
possibility of a Type I error. A more conservative
approach would be to set the alpha levels higher
but, as this is the first at-risk study of ADHD, it
seemed appropriate to err on the side of potential40 J.G. AUERBACH ET AL.
false positives. In addition, the measures reported
here represent only a subset of the observational
and questionnaire data that have been collected. A
more comprehensive picture of the functioning of
the infants will be obtained when the coding of all
the observational measures has been completed,
including observations of mother-infant and father-
infant interaction. In addition, group assignment
was based on the fathers’ responses to an ADHD
questionnaire and not on a psychiatry interview or
independent confirmation of ADHD. Even so, the
fathers with high scores (7+) can be considered
higher than those of the general population on a
continuum of traits associated with ADHD. Lastly,
our findings can not be generalized to girls at risk
for ADHD because the sample was limited to
boys, due to the higher prevalence of ADHD in
boys. In high risk longitudinal studies, it is
important to optimize the probability that the
incidence of the disorder will be high enough to
allow for an adequate exploration of its
developmental pathways. For this reason, we chose
to study sons born to fathers with high ADHD
symptomatology.
The present paper has focused on three areas
of infant behavior that may be possible path
markers to ADHD. Nevertheless, every child
grows up within a context (Bronfenbrenner, 1977),
and without reference to that context, any attempt
to delineate pathways to complex childhood
disorders, such as ADHD, would be incomplete. It
is surprising how little attention has been paid to
possible environmental contributions to the
development of the disorder. From research on the
developmental outcome of hard-to-manage children
(Campbell, 2002), some of whom developed
ADHD, clearly the environment plays a complex
mediating and moderating role in determining the
outcome. The predictive power of childrearing and
parent-child factors to later attentional difficulties
and hyperactivity/impulsivity has been amply
demonstrated by Jacobvitz & Sroufe, (1987) and
by Olson and her colleagues (1990, 2002) in two
samples that were not selected for genetic risk to
ADHD. In their studies, the predictive power of a
few early infant characteristics, such as neonatal
immaturity and difficult temperament, lost their
effect, whereas the role of parent-child relationship
factors became increasingly important. Even so, a
question remains as to the nature and extent of the
contribution of the caretaking environment to the
development of ADHD when children are
genetically predisposed to the disordermone ofthe
questions that the Ben-Gurion Infant Development
Study is designed to answer.
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